INTRODUCTION
Sexual selection is a powerful evolutionary force responsible for shaping sex-specific patterns of reproductive behaviour, and promoting diversity of mating phenotypes within the sexes (alternative reproductive tactics), especially in males (Gross, 1996; Oliveira, Taborsky & Brockmann, 2008; Neff & Svensson, 2013) . In many vertebrate populations under strong sexual selection, some males use advertisement displays and/or physical aggression directed toward same-sex rivals to establish social dominance and monopolize matings with resident females (Stamps, 1994; Calsbeek & Sinervo, 2002) . When dispersal ability is limited, less competitive males adopt socially subordinate tactics that allow them to avoid aggression from territory owners but still remain sufficiently near to females to potentially sneak copulations (Lawrence, 1987; Baird, Timanus & Sloan, 2003) . Sexual selection theory predicts that territorial tactics will be adaptive for some males only when the fitness benefits exceed the costs required to dominate rivals (Dewsbury, 1982; Andersson, 1994; Ellis, 1995) . Both dominant social status and more frequent interactions with females predict that territorial males should obtain relatively high reproductive success that balances the costs of territory maintenance (Marler & Moore, 1988 , 1989 . By contrast, less competitive socially subordinate males are hypothesized to garner lower reproductive success, 'making the best of a bad job' until they develop attributes that allow them to acquire and defend territories using aggression (Dawkins, 1980; Gross, 1996; Shuster & Wade, 2003) .
The expectation that territorial males obtain higher reproductive success through mate monopolization than that achieved by nonterritorial socially subordinate males has become increasingly difficult to reconcile with the results of studies determining the parentage of offspring genetically. Females sometimes mate with multiple males, even though only a subset of males dominate territories, and multiple matings by females are sometimes independent of male social status (Hughes, 1998; Qvarnström & Forsgren, 1998; LeBas, 2001; Uller & Olsson, 2008; Pizzari & Wedell, 2013; York, Baird & Haynie, 2014) . Multiple mating may be adaptive for females because it increases their own survival and reproductive output (Gray, 1997; Newcomer, Zeh & Zeh, 1999; Fisher et al., 2006) , although it also may function to increase the survival and attractiveness of offspring (Yasui, 1997; Ivy & Sakaluk, 2005) . Alternatively, multiple mating may simply be the only cost-effective means by which females can avoid harassment by numerous males, especially when ecological factors promote stealthy copulation attempts by subordinate males with impunity from territory owners. Either of these scenarios predicts strongly differential selective pressures on males employing alternative mating tactics, and potential fitness conflicts between the mating tactics of the sexes (Chapman et al., 2003; Fricke, Bretman & Chapman, 2010) .
Sex ratio is an important metric used to predict the intensity and direction of mating competition in studies of sexually selected mating systems (Emlen & Oring, 1977; Clutton-Brock & Parker, 1992; Kvarnemo & Ahnesjö, 1996) . A key prediction of sex ratio theory is that the ability of socially dominant males to monopolize mates should be negatively correlated with the ratio of male competitors to available females. When individuals of both sexes maintain strong philopatry to home ranges or territories, both the intensity of intrasexual male competition and the potential for females to exercise adaptive mating choices should be influenced most strongly by the number of competitors with respect to receptive females in local neighbourhoods (i.e. the local sex ratio) (Emlen & Oring, 1977; Kvarnemo & Ahnesjö, 1996; Weir, Grant & Hutchings, 2011; Weatherhead, 2005; Van Belle & Estrada, 2008) . Sex ratio-based hypotheses predict that more males will compete for and court each available female when the local sex ratio is strongly male-biased (Emlen & Oring, 1977; Weir et al., 2011) . Both increased pressure from intruders and opportunities for females to interact with more males should decrease the ability of territory owners to monopolize matings with females. By contrast, fewer male competitors per female should enhance opportunities for mate monopolization by territory owners, and decrease opportunities for females to mate with multiple males.
We combined detailed observations of social and spatial behaviour on collared lizards (Say, 1823) recorded in the field with genetic determination of parentage during multiple reproductive seasons to test two hypotheses related to male and female fitness. We tested if male territoriality is an adaptive mating tactic first by examining whether within-and among-season variation in the local sex ratio influenced the number of female mates and offspring sired by males employing territorial versus nonterritorial tactics. As another test of this hypothesis, we determined the strength of sexual selection on male behavioural traits that varied depending upon male social tactics. In females, we tested whether or not mating with multiple males is adaptive by examining whether variation in the degree of multiple mating changed relative to variation in local sex ratio, and also whether multiple mating increased offspring survivorship (Yasui, 1997; Ivy & Sakaluk, 2005) . Our study system allowed a rare opportunity to test both hypotheses because we were able to monitor individual fitness over multiple breeding seasons characterized by within-and between-season variation in local sex ratios (Kingsolver et al., 2001) .
MATERIAL AND METHODS

STUDY SITE AND POPULATION
Field work for the present study was conducted from 20 March to 15 July 2007-10 at the Arcadia Lake Dam flood-control spillway, located 9.6 km east of Edmond, OK, USA, where collared lizards occupied three topographically homogeneous patches of boulders (1230-19 853 m 2 ) used to construct flood-control channels (Baird, 2013a, b) . The Arcadia Lake site is well-suited for recording the social and spatial behaviour of lizards because human access is restricted, the homogeneity of rock patches allows prolonged and unobstructed observation of all individuals, and the entire site is mapped to scale using Geographic Information System measurements of markers arranged in 10-m grids made with US Air Force equipment Baird, 2013a, b) . Subsequent to 1990, all lizards at this site have been noosed after hatching, the terminal phalanges of three digits clipped for permanent identification, and unique combinations of nontoxic acrylic paint spots applied to the dorsum for identification of individuals from a distance. We know the ages of all lizards because they were recaptured when they molted, identified using toe-clips, measured, and remarked (Baird, 2013b) .
SOCIAL, SPATIAL, AND REPRODUCTIVE BEHAVIOUR OF COLLARED LIZARDS
Previous findings on the social and reproductive behaviour of lizards at Arcadia Lake have shown that females maintain strong philopatry to small nondefended home ranges where they spend most of their time on elevated perches scanning for arthropod prey . Females produce one to three successive clutches of eggs each season (Baird, Sloan & Timanus, 2001; Telemeco & Baird, 2011) . Males typically acquire territories at the beginning of their second season (2Y+ males) that they defend until they die (Baird, 2013b) , although some males in their first year (first-year males) may acquire territories when the previous territory occupant dies (Baird & Curtis, 2010) . Territory defence involves high rates of patrol, frequent broadcast display, and occasional chases and fights Baird, 2013b) . All male territories partially overlap the home range of at least one female, although they may overlap up to eight females that males court frequently. Courtship by territorial males usually (> 95%) elicits receptive responses by females resulting in prolonged (up to 30 min) mutual exchange of displays and physical contact (Baird, 2013b) .
Although males are mature at the beginning of their first season, they typically adopt subordinate social tactics characterized by inconspicuous behaviour (Baird & Hews, 2007; Baird & Curtis, 2010) . When detected by territorial males, nonterritorial first-year males flee and hide in crevices that form an extensive labyrinth beneath the surface of the rock habitat at our study site. By hiding, nonterritorial males avoid being driven away from their neighbourhoods and the labyrinth of crevices promotes movements within their home ranges without being detected. Such secretive behaviour allows nonterritorial males to attempt to sneak copulations when they have gone undetected by territory owners . Although females moved away and hid from 95% of the advances by nonterritorial males that we observe when lizards were emergent (Baird & Timanus, 1998) , genetic analysis of paternity during 2007 clearly demonstrated that nonterritorial males (first-year) are often effective competitors for matings, perhaps by courting and mating with females when in crevices out of view of territory owners (York et al., 2014) .
RECORDING SPATIAL AND SOCIAL DATA
Data on spatial and social behaviour were recorded on scale-drawn maps when substrate temperatures were 30-38°C, a range over which collared lizard activity is independent of substrate temperature (Baird et al., 2001) . Behavioural data were recorded each season from 1 May to 15 July when female collared lizards produced one to three successive clutches, and a subset of males actively defended territories (Baird et al., 2001) . Census sightings and focal individual observations were recorded on scale-drawn maps.
Censuses of the entire study site (N = 30; 15 during May, 15 during June of each year) involved recording the point locations and identities of all emergent lizards on scale-drawn maps. Focal observations (sensu Altmann, 1974) were only recorded on males. These involved tracing the path of travel and recording all of the social acts initiated or received by subject males on scale drawn maps (Baird, 2013a) . We recorded 20-min focal observations (N = 10-15 per male) on different days during May and June of each study season. Male collared lizard activity does not vary during 09.00-13.00 h when we recorded focal observations (Baird et al., 2001 ) but, to avoid any possible temporal bias, we observed males in a random order each day.
We used the minimum convex polygon method to construct composite maps of territories and home ranges (Turner, 1971) . For female home ranges (N = 74, all years pooled), we constructed maps based on census sightings alone. For males, we combined census sightings with the beginning and ending points of their focal traces. Because the accuracy of minimum convex polygon estimates depends on recording sufficient sightings over an appropriately long sampling period (Stone & Baird, 2002) , we empirically determined the number of points necessary for both sexes. We did so by graphing the area used by individuals versus the number of sightings, until areas reached an asymptote (Rose, 1982; Stone & Baird, 2002; . We used 60-65 points to estimate areas of male home ranges/ territories, whereas 30-40 points was sufficient to estimate female home range areas.
MALE SOCIAL BEHAVIOUR
Previous studies have shown that male collared lizards initiate social behaviour in two distinct contexts. Displays that are broadcast when patrolling males are on elevated perches at least 5 m from conspecifics are the most common (Baird & Curtis, 2010; Baird, 2013a) . Most broadcast displays involve males extending all four legs to elevate the torso, which is laterally compressed, whereas the dewlap is extended (Baird, 2013a, b) . When holding this 'fullshow' posture, males typically flex their legs to raise and lower the head and torso multiple times (= pushups) in succession. Much less frequently, males display by walking in a circular or figure of eight pattern at the same time as remaining on a single perch (Baird & Curtis, 2010; Baird, 2013a, b) .
By contrast with distant broadcast displays, proximal aggressive encounters against male rivals (= contests) involve one male running towards another male to within 1 m, resulting in either the recipient fleeing, or escalation to a more intense contest involving one ADAPTIVE MATING TACTICS or more of the following: exchange of displays (full shows, push-ups) when the two males remain in close proximity (1 m), reciprocal chases (up to 40 m) backand-forth, and, occasionally, attacks involving wrestling and biting (Baird, 2013a, c) . Because broadcast displays are given when males pause on perches distant from all conspecifics, they are readily distinguished from contests when males are charging, chasing or fighting a rival, or when males are displaying to a rival in close proximity that is reciprocating by also giving displays (Baird, 2013a, c) .
Males also initiate proximal encounters with females as courtship. These involve the same displays broadcast by males from a distance, although displays are given when one male and female are positioned within one body length of one another, almost always resulting in both lizards making frequent physical contact over prolonged (up to 30 min) periods (Baird, 2013b) . Contact includes one lizard mounting and sitting on their partner's dorsum, superimposition of the legs and/or tails, nudging their partner with the snout, or perching adjacent to and touching the other lizard (Baird, 2013b) .
We used the cumulative focal observations recorded on each male to calculate hourly frequencies of broadcast displays, contests initiated with rival males, and courtship with females (separately) by dividing the total number of these acts/events by the total focal observation time . We measured mapped spatial traces using a digital planimeter (Planix 2000; Tamaya Technics, Inc.), and calculated the hourly rate of patrol for each male by dividing the total distance traveled by the total observation time on individual males . Based on their rates of broadcast display, patrol, and initiation of interactions with conspecifics, males were categorized as territorial (2007: N = 17; 2008, N = 12; 2009: N = 9) or nonterritorial (2007: N = 10; 2008, N = 3; 2009 : N = 9) (Baird, Acree & Sloan, 1996; Baird, 2013a, b) . During 2007, all territorial males were 2Y+ and all nonterritorial males were in their first year. However, as a result of the exceptionally high over-winter mortality of 2Y+ territorial males after the 2007 season, respectively, there were nine and eight first-year males in 2008 and 2009 that acquired and defended territories.
LOCAL RATIOS OF MALE COMPETITORS TO FEMALES
We used composite home range (females, nonterritorial males) and territory maps to determine local sex ratios for each mature male (total N = 60) present on the study site during the three study seasons. Local sex ratios were calculated as the number of male rival home ranges or territories that partially overlapped or abutted the area used by each subject male, divided by the number of mature females that the home ranges or territories of these males partially overlapped or abutted (Baird, 2013a) .
SCHEDULE OF EGG PRODUCTION AND EMERGENCE OF HATCHLINGS
Adult lizards at Arcadia Lake typically emerge from hibernacula from late March to early April, and remain reproductively active until 15 July (Baird et al., 2001) . During all three study seasons, we documented the schedule of egg development and oviposition by capturing, measuring, weighing, and palpating the abdomens of all females every 7-10 days. At each palpation, follicular/egg development was characterized using criteria developed for females in this population (Baird, 2004; Telemeco & Baird, 2011) . Female abdomens become increasingly swollen as eggs mature, whereas oviposition is marked by a 30-50% decrease in total mass, and dried mud is caked on the toes and integument from digging nests (Baird, 2004) . The temporal schedule of oviposition of first and subsequent clutches differs between first-year females and those that are older (2Y+ females) (Baird et al., 2001; Telemeco & Baird, 2011) . The first clutches of 2Y+ females typically begin to develop in early May and are oviposited approximately 2 weeks later. The first clutches of first-year females mature in mid-May, and are then laid at the end of May or early June. Females of both age groups may produce second or third clutches (Baird, 2004; Telemeco & Baird, 2011) , which are oviposited throughout June and into the first 2 weeks of July.
Eggs from the earliest clutches began hatching in mid-July, followed by those from later clutches hatching until mid-October. Offspring were 38.0-40.0 mm snout-vent-length (SVL) at hatching, growing to 70.0-85.0 mm SVL by the end of the activity season in late October. From 15 July to 15 October 2007-2009, we surveyed the entire study site three to seven times every week to capture, mark, and measure newly emerged hatchlings. At first and subsequent captures, we recorded standard measurements (SVL, body mass), determined sex by examination of the post-anal scales (enlarged in males), and recorded capture locations on scale-drawn maps. We also collected a blood sample for genetic analyses. Hatchlings were then released unharmed by placing them in rock crevices at their precise capture locations.
Genetic assignment of hatchlings to individual mothers of known age, combined with the schedule of oviposition for serial clutches and the SVL of hatchlings at their first capture, allowed us to estimate whether offspring were from first or subsequent (second or third) clutches (York et al., 2014) . The combination of genetic data and oviposition schedule allowed for clear assignment of offspring to first clutches for both 2Y+ and first-year females. Because third clutches sometimes begin maturation before oviposition of second clutches, and third clutches develop rapidly (Baird, 2004 ), we could not always distinguish hatchlings from second and third clutches. Therefore, we pooled offspring from second and third clutches for analyses.
COLLECTION OF BLOOD SAMPLES AND DNA GENOTYPING
During the first year of the study (2007), blood samples (50 μl) were collected from all adults when they emerged from hibernacula in the spring. During the late summer/autumn of 2007, and thereafter in 2008 and 2009, blood samples were collected from hatchlings (20-25 μl) at their first capture. Blood was collected by puncturing the orbital sinus using a heparanized microhaematocrit tube. Samples were immediately transferred to 15-mL tubes containing lysis buffer until DNA extraction. Using a clean cloth, we applied slight pressure to the orbit to stop bleeding. Lizards were released unharmed by placing them in a shaded rock crevice adjacent to their precise capture location (York et al., 2014) . Nuclear DNA was isolated from blood using a DNeasy blood and tissue extraction kit (Qiagen). We amplified eleven microsatellite loci using fluorescently-labelled primers developed for C. collaris (Hutchison et al., 2004) . The polymerase chain reaction (PCR) amplification involved reactions (15 μl) containing 4.75 μl of genomic DNA, 0.50 μl of forward and reverse primers, 9 μl of True Allele Premix (Perkin-Elmer Applied Biosystems), and 0.25 μl of GoTaq DNA polymerase (Promega). We optimized PCR products following the thermal profile and annealing temperatures for C. collaris used by Husak et al. (2006) . Mixtures of 9.25 μl of Hi-Di formamide, 0.25 μl of ROX 500 HD size standard, and 0.50 μl of PCR product were denatured at 96°C for 5 min and then immediately chilled on ice for 3 min prior to loading. We visualized amplicons using an automated DNA sequencer (model ABI 3130; PerkinElmer Applied Biosystems) and GENEMAPPER (Perkin-Elmer Applied Biosytems). The presence of null alleles, large-allele dropout and stutter-induced typing errors at each locus was tested using MICROCHECKER (Van Oosterhout et al., 2004) .
We genotyped all lizards for all eleven loci. One locus (Orig11) contained null alleles, which may confound parentage assignments when a true heterozygote is incorrectly typed as a homozygote, potentially resulting in false exclusion of the true parent (Dakin & Avise, 2004) . Because it was still informative for determination of offspring-parent relationships, we retained this polymorphic locus for parentage analyses. To avoid false exclusions, all hatchlings that were homozygous at this locus were typed at only one allele in accordance with the methods described by LeBas (2001) and Husak et al. (2006) .
PARENTAGE ASSIGNMENTS AND ESTIMATES OF MALE FITNESS
During 17 previous seasons of mark-recapture studies at Arcadia Lake, adults have occupied the same home ranges/territories over multiple seasons , and hatchlings have remained within 20 m of where they first emerged for 1-2 months (T. A. Baird, unpubl. data) . When lizards are abruptly absent from these areas, it means that they have died rather than having dispersed to other patches because suitable patches of habitat sufficiently close to disperse to are absent. The nearest is half a mile away, is not within visual range of the study site, and is separated from the site by large expanses of grass, dense oak forest, and a busy fourlane road. Therefore, we used the spatial relationships of hatchlings relative to potential parents as our first criterion to guide parentage assignments (Zamudio & Sinervo, 2000) . The two smallest habitat patches (1230 and 1505 m 2 ) at Arcadia Lake are separated by only 40 m, and there is a concrete wall running between them along which lizards have been observed traveling (Curtis & Baird, 2008) . Because the potential for gene flow appeared to be high, we pooled lizards from these two patches for parentage analyses. The much larger (19 583 m 2 ) habitat patch is separated from the other two by a minimum of 260 m (Curtis & Baird, 2008) . No more than one lizard/season has moved between the larger patch and either smaller patch during 17 previous seasons of study, and no such movements were observed during 2007-2009. Therefore, for parentage analyses, we considered the larger patch separate from the two pooled smaller patches.
We used CERVUS, version 3.0.3 (Marshall et al., 1998; Kalinowski, Taper & Marshall, 2007) to assign a mother and father to hatchlings using an 80% confidence level as our minimum. Our simulation parameters for parentage assignments were: (1) mean proportion of candidate fathers (or mothers) sampled = 0.98; (2) proportion of loci mistyped = 0.01; and (3) number of simulations = 100 000. For hatchlings that could not be assigned a mother and/or father using CERVUS alone, we next compared the genotypes of the two most-likely fathers and mothers (separately) as determined by CERVUS with that of the hatchling genotype. Based on these genotypic ADAPTIVE MATING TACTICS comparisons, we excluded the candidate parent that mismatched the hatchling genotype at any locus (= genetic exclusion; Haynie et al., 2003) . In the cases where the two most-likely candidate parents each perfectly matched the hatchling such that we could not eliminate one genetically, we used mapped location data to guide parentage assignments. Specifically, we measured the minimum linear distance from the first capture location of these hatchlings to the boundaries of the home ranges or territories of each candidate parent, and assigned the hatchling to the closest candidate parent. We only used spatial data for parentage assignments if the logarithm of the odds (LOD) scores were positive for both candidate parents because only positive LOD scores indicate that these candidates are more likely to be the true parents than others chosen randomly from the population. Using this highly prioritized hierarchy of parentage assignment methods, we determined the number of offspring sired, as well as the number of different females that males mated with, for all territorial and nonterritorial males to test the hypothesis that territoriality is an adaptive behavioural strategy among male collared lizards.
FEMALE MULTIPLE MATING AND OFFSPRING SURVIVORSHIP
We calculated the number of males that females mated with for individual clutches by first determining the identities of individual sires within each clutch (from our parentage analyses), and then determining whether each sire was territorial or nonterritorial. We determined whether or not the offspring produced by individual females survived to the next season in relation to the number of different males that sired the offspring produced by these females to test our hypothesis that female multiple mating is adaptive because it increases offspring survivorship. Hatchlings that were captured during one season but absent throughout the entire subsequent season were considered as nonsurvivors, whereas surviving offspring were captured at least once during the season subsequent to when they hatched.
STATISTICAL ANALYSIS
All analyses were performed in R, version 3.0.1 (R Development Core Team, 2013) using a Bayesian statistical framework in the package 'MCMCglmm' (Hadfield, 2010) . Our Markov chain Monte Carlo (MCMC) simulations for all models consisted of 13 000 total iterations. We discarded the first 3000 iterations as burn-in, and retained a sample at every tenth iteration (thinning interval = 10). In total, this yielded an effective sample size of 1000 for each model. For all models except that examining offspring survivorship, we specified default 'weak' priors (Ellison, 2004; Kruschke, Aguinis & Joo, 2012) . However, we also ran these models with more informative (i.e. stronger) priors and found no significant changes in the resulting effect sizes or 95% credibility intervals (CI). For our model examining offspring survivorship, the prior residual variance could not be estimated because it is determined by the mean. Therefore, for this model, we fixed the variances to one and the covariances to zero (Hadfield, 2010) . We assessed the reliability of our models by visually inspecting the convergence of MCMC chains, and by examining the autocorrelation of model variables. None of our models showed problems with convergence, as determined by visual inspection of trace plots. Similarly, the 'autocorr' function did not reveal any indication of significant autocorrelation between variables (range = −0.02 to 0.16) in any of our models. For all models, we considered independent variables to have statistically significant effects where the 95% CI did not include zero, and interpreted the relative strength of effects according to Cohen (1988) .
For our first set of models, we characterized the differences in social and spatial behaviour between territorial and nonterritorial males by using social status as the independent variable to compare the hourly rate of the following dependent variables among territorial and nonterritorial males pooled for the three study seasons: patrol, broadcast displays, courtship encounters, and male-male contests. To test the hypothesis that male territoriality is an adaptive behavioural strategy, we compared the number of different female mates and the number of offspring sired by territorial versus nonterritorial males during each year by including year and sire social status as main effects, and using a year-by-sire social status interaction as a categorical independent variable. Because the above models included categorical dependent variables, we used Poisson error structures in each case. To complement our analysis of fitness in territorial and nonterritorial males, we determined the strength of sexual selection acting on phenotypic traits that have been hypothesized to promote fitness in male lizards (Baird, 2013c) by calculating standardized linear selection gradients (β′), which included main effects of local sex ratio, rate of patrol, broadcast displays, courtship encounters, and contests. For our selection analyses, we used a Gaussian error structure and calculated relative fitness for the number of female mates and the number of offspring sired (separately) as dependent variables, using the standardized (mean = 0, unit variance) main effects as our independent variables. For our analyses involving females, we first examined annual variation in the number of territorial and nonterritorial males that females produced offspring with for individual clutches using a Poisson error structure model including year and sire social status as main effects, with a year-by-sire social status interaction as the categorical independent variable, and the number of males mated with as the dependent variable. We then tested the hypothesis that multiple mating by females is adaptive by examining the effects of the following independent variables on the dependent variable of offspring survivorship using a binomial error structure model: the number of males that females produced offspring with (female multiple mating), sire social status, and variation in local sex ratio among seasons (interseasonal local sex ratio = year). For the model of offspring survivorship, we included maternal identity as a random effect to control for variation in clutch size among females.
RESULTS
MALE SOCIAL BEHAVIOUR
As expected, territorial males in 2007-2009 had higher rates of patrol (β = 51.7, SE = 7.12, 95% CI = 38.87-65.85) and broadcast display behaviour (β = 55.15, SE = 8.62, 95% CI = 39.30-72.29) than nonterritorial males. Territorial males also courted females (β = 0.78, SE = 0.18, 95% CI = 0.44-1.45) and initiated aggressive contests more frequently than nonterritorial males did (β = 0.18, SE = 0.05, 95% CI = 0.09-0.27).
EMERGENCE OF HATCHLINGS, DETERMINATION OF GENOTYPES, AND PARENTAGE ASSIGNMENTS
Eighty-six percent (215 of 251) of hatchlings were captured from 15 July to 15 October (2007, N = 70; 2008, N = 76; 2009, N = 69) . Thirty-six more hatchlings (14% of total; 2007, N = 16; 2008, N = 8; 2009 , N = 12) were not captured until April to May 2008-2010. The small percentage of hatchlings not captured until the following spring were spread widely and randomly throughout the entire study site. Therefore, these few did not result in a significant systematic bias in our estimates of the number of offspring sired by individual males, or the number of different mates for individual females.
Of the 251 total hatchlings, 168 were assigned a mother, and 189 assigned a father, using CERVUS alone. We used genetic exclusion to assign mothers for an additional 13 hatchlings, and fathers for an additional 14 hatchlings. Forty-five hatchlings having positive LOD scores for both candidate parents were assigned mothers, and 31 were assigned fathers using exclusion based on spatial proximity. As a consequence of negative LOD scores for one or both parents, we did not assign mothers and fathers for 25 and 17 hatchlings, respectively. However, both parents shared negative LOD scores for the same hatchlings in five of these 42 cases. Therefore, only 15% of hatchlings (N = 37) were not assigned parents, whereas we assigned a mother and father to 214 of 251 (85%) hatchlings using a combination of the three methods applied hierarchically. Of these 214 hatchlings, 117 (55%) were assigned to territorial male sires, whereas 97 (45%) were assigned to nonterritorial sires.
THE ADAPTIVE SIGNIFICANCE OF MALE ALTERNATIVE MATING TACTICS
Although local sex ratio varied significantly among years (mean ± SE: 2007 = 3.50 ± 0.37; 2008 = 1.37 ± 0.16; 2009 = 1.63 ± 0.27; β = −0.99, SE = 0.23, 95% CI = −1.46 to −0.55), surprisingly, both the number of female mates and offspring sired were similar in all 3 years when all males were pooled, as well as when territorial and nonterritorial males were considered separately (all 95% CIs included zero). Moreover, in contrast to the hypothesis that male territoriality is adaptive, comparisons between territorial and nonterritorial males revealed that social status had no significant effect on the number of female mates (β = 0.09, SE = 0.17, 95% CI = −0.16 to 0.54) (Fig. 1A) , the number of offspring sired (β = −0.08, SE = 0.74, 95% CI = −1.53 to 1.31) (Fig. 1B) or the probability of offspring survivorship (β = −0.41, SE = 0.38, 95% CI = −1.11 to 0.37) (Fig. 1C) in all three seasons.
EFFECT OF LOCAL SEX RATIO ON MALE FITNESS AND SEXUAL SELECTION ON MALE BEHAVIOURAL TRAITS
Similar to our among-year analyses on local sex ratio, we found that within-season local sex ratio (range = 0.00-7.00) did not influence the number of female mates, nor the number of offspring sired by territorial or nonterritorial males (Tables 1, 2) . None of the behavioural variables that we examined were significant targets of sexual selection for the number of female mates or offspring sired for nonterritorial males (Tables 1, 2) . For territorial males, courtship frequency was under significant positive directional selection for the number of female mates (Table 1) , and there was some evidence that courtship frequency was also under positive directional selection for the number of offspring sired by territorial males, although this result was not statistically significant (Table 2) .
THE ADAPTIVE SIGNIFICANCE OF FEMALE MULTIPLE MATING
Females mated with multiple males, both territorial and nonterritorial, within individual clutches in each season (number of within-clutch mates, range = 0-6). For all females pooled, the number of offspring produced from matings with territorial versus nonterritorial sires did not differ by year (β = −0.17, The asterisk indicates a statistically significant effect [95% credibility interval (CI) did not include zero]. CI, credibility interval. SE = 0.13, 95% CI = −0.42 to 0.09) ( Fig. 2A) . Thirtyfour percent of the total hatchlings (86 of 251) survived to emerge the following spring, which is well within the 30-60% over-winter survival rate that we have observed during 17 previous seasons (T.A. Baird, unpubl. data) . Survivorship of offspring produced by individual females did not vary among years (β = −0.48, SE = 0.23, 95% CI = −0.91 to 0.008). However, offspring survivorship decreased significantly as the number of males mated with for individual clutches increased (β = −0.31, SE = 0.14, 95% CI = −0.58 to −0.04) (Fig. 2B) , a result that is not consistent with our hypothesis that female multiple mating is adaptive by increasing offspring survivorship.
DISCUSSION INFLUENCE OF LOCAL SEX RATIO AND MALE SOCIAL TACTICS ON MALE FITNESS
The ratio of males that are competing for available females is used widely in studies of the evolutionary ecology of vertebrate mating systems to estimate both the intensity of competition among males for mates and intrasexual selection on male attributes hypothesized to promote success in contests (Emlen & Oring, 1977; Clutton-Brock & Parker, 1992; Kvarnemo & Ahnesjö, 1996) . Classic theory predicts that the degree to which territorial males monopolize matings with females should be higher when there are relatively few same-sex competitors to repel, although mate monopolization may decline when more rivals are vying for matings (Kokko, Klug & Jennions, 2012) . Our results are surprisingly inconsistent with this basic prediction. Neither the number of females that males mated with, nor the number of offspring sired was correlated with local sex ratio across multiple reproductive episodes. Moreover, even though territorial males courted females much more frequently than nonterritorial males did, neither measure of male success was dependent on the social tactics employed by males, regardless of local sex ratio. Our findings add to a growing body of evidence indicating that the sex ratio is not always an effective metric for estimating either the intensity of sexual selection or the direction of selection on phenotypic traits that promote high male fitness (Head, Lindholm & Brooks, 2008; Kokko et al., 2012) . One possible explanation of both the chronic high success of nonterritorial males and the high degree of female multiple mating may be linked to prominent features of the human-constructed habitat at the Arcadia Lake site. Relative to the natural habitat of collared lizards, the patches of imported rock at our site are much more expansive and continuous. Moreover, the extensive lattice-work of crevices beneath the surface substrate of continuous boulders provides almost unlimited hiding places where stealthy subordinate males can take refuge when threatened by territory owners . In this habitat, inconspicuous behaviour coupled with ready access to refuges promotes the ability of nonterritorial males to avoid aggression without abandoning locations where females live. Such proximity likely promotes opportunities for nonterritorial males to sneak copulations, especially when territory owners are patrolling or interacting with competitors elsewhere, and diminishes the extent to which territorial males can monopolize matings with females even though they overlap and court them frequently. Our results therefore raise the possibility that variation in habitat structure and topography is an important ecological variable to be considered when studying the influence of sexual selection on mating system dynamics and the evolution of sexually-selected traits in populations of free-ranging individuals.
The fact that many socially subordinate nonterritorial males achieved reproductive success equal to that of territory owners without incurring the costs of territory maintenance raises the question: is male territory defence adaptive and evolutionarily stable in the Arcadia Lake population? Territory defence by large males is almost certainly the ancestral social structure in collared lizards because it has been documented in at least four other well-studied populations (Baird, Fox & McCoy, 1997; McCoy, Baird & Fox, 2003; Husak et al., 2006) . Cost-prohibitive territory economics resulting from intense intrasexual competition and female multiple mating sometimes prompts males to abandon defensive tactics (Grant, 1993; Weir, Grant & Hutchings, 2010) . Plasticity in male social tactics is well-documented in our population as well, although in the opposite direction. Males readily transition from nonterritorial to territorial tactics when opportunities arise in response to experimental removals or natural mortality of territory owners (Baird & Timanus, 1998; Baird & Curtis, 2010) . We have never observed territorial males to revert to nonterritorial tactics throughout numerous seasons of study, even in local neighbourhoods having strongly male-biased local sex ratios (T. A. Baird, unpubl. data) . Even though our data suggest that attempts to maintain high levels of mate monopolization through defence of territories and frequent courtship may not be feasible in the Arcadia Lake population, it may be much more so in populations of C. collaris occupying the natural habitat for this species McCoy et al., 2003; York et al., 2014) . We hypothesize, therefore, that the maintenance of territorial behaviour by larger, older male collared lizards in the Arcadia Lake population may be a consequence of strong phylogenetic inertia that favours territorial defence (Blomberg & Garland, 2002) . Alternatively, the observed negative relationship between female promiscuity and offspring survivorship suggests that territorial behaviour may be selected because males that do manage to monopolize paternity of females are more likely to sire offspring surviving to maturity relative to male competitors whose mates are polyandrous. It is also plausible that territoriality might be maintained if territorial males survive longer such that their average lifetime reproductive success is higher than that of nonterritorial males.
Behavioural traits that promote success in defence and advertisement of reproductive territories appear to be adaptive for mate monopolization in many phyletically diverse vertebrates (Dewsbury, 1982; . Because territorial collared lizard males invest heavily in advertisement behaviours in particular (Baird, 2013a) , it is surprising that frequencies of broadcast display, patrol, and contests with rivals were not significant targets of sexual selection among the males in our population. For territorial males, courtship frequency was the only phenotypic trait under significant positive directional selection for the number of female mates, although there was some evidence (not statistically significant) that courtship frequency was also under positive directional selection for the number of offspring sired. Persistent intimate courtship interactions may allow territorial males to advertise their genetic qualities, perhaps promoting the production of offspring that are more viable and/or attractive to the opposite sex (Candolin, 2003; Kokko et al., 2003; Andersson & Simmons, 2006) , or their ability to sire offspring with more different females.
IS MULTIPLE MATING ADAPTIVE FOR FEMALE COLLARED LIZARDS?
Despite attempts by territorial males to monopolize individual females by courting them more frequently, and female acceptance of courtship advances by territorial males (Baird & Timanus, 1998; Baird, 2013b) , females produced offspring with multiple males independent of male courtship frequency or social tactic. The possible adaptive significance for females of mating with multiple males remains a topic of debate (Uller & Olsson, 2008; Madsen, 2011; Keogh et al., 2013; Noble, Keogh & Whiting, 2013) . Females may mate with multiple males to acquire material and/or genetic benefits (Jennions & Petrie, 2000; Head et al., 2005; Slatyer et al., 2011) . There is little evidence that the acquisition of material benefits explains multiple mating by female collared lizards because the resources that they require to produce eggs (foraging perches, arthropod prey, refuges) are not limiting in our population, and neither sex provides parental care . Genetic benefits acquired through mating with multiple males and then later selecting sperm from only some of them also appear unlikely. Female C. collaris appear to lack morphological specializations in the reproductive tract that promote storage of sperm in some lizards, and the fact that females continue to court males throughout a 2.5-month reproductive season suggests that they do not simply mate once and store sperm for subsequent clutches (Birkhead & Pizzari, 2002; Baird, 2004; Telemeco & Baird, 2011) . Moreover, paternity was not biased toward a subset of males, and the survivorship of offspring produced by individual females decreased, rather than increased, as a consequence of mating with multiple males.
Instead of benefitting females, the negative effect of mating with multiple males on offspring survivorship strongly suggests substantial fitness costs to females. The offspring survivorship cost was independent of the social tactics employed by male sires, ruling out the possibility that it was a consequence of male qualities that are associated with achieving dominant social status. Females in our population reject male advances, particularly those by nonterritorial males, by fleeing and sometimes taking refuge (Baird & Timanus, 1998; Baird, 2004) . Moving to evade courtship advances forces females to abandon perches that they have probably chosen because these are good locations for detecting prey and basking , and movement may also increase the risk of their being detected by predators (Rowe, 1992; Magurran & Seghers, 1994; Arnqvist & Rowe, 2013) . Because it is unlikely that female collared lizards acquire either material or genetic benefits by mating with multiple males, the most parsimonious explanation for sustained and widespread multiple mating is that they are 'making the best of a bad job' by submitting to all males, including subordinate males that are striving to maximize their own fitness by using stealthy mating tactics (convenience polyandry; Lee & Hays, 2004) . Given the ease with which nonterritorial males in the Arcadia Lake population can encounter females when still avoiding the costly consequences of aggression from territorial males, convenience polyandry may be the only viable strategy available to females for managing the competing costs imposed by male harassment, effective foraging, thermoregulation, and evading predators. Taken together, our findings raise the possibility that sexual conflict is the selective mechanism driving the antagonistic coevolution of sex-specific mating tactics in this system.
